A noncontacting face seal has a stationary sealing ring and a rotating sealing ring with opposed radially ex tending sealing surfaces for restricting a fluid flow from a high pressure fluid side to a low pressure fluid side. The rotating sealing ring is moved out of contact with the stationary sealing ring due to hydrostatic force from the fluid. The noncontacting face seal comprises spiral grooves formed in one of the sealing surfaces and ex tending from a low pressure fluid side to a high pressure fluid side in a radial direction so as to pump fluid from the low pressure fluid side towards the high pressure fluid side, and a spaced portion formed in one of the sealing surfaces and extending inwardly from one cir cumference of the sealing surface at the high pressure fluid side so as to introduce fluid in the high pressure fluid side between the sealing surfaces. The present invention relates to a noncontacting face seal, and more particularly to a noncontacting face seal in which an end face of a rotating sealing ring rotatable with a rotating shaft and an end face of a stationary sealing ring facing the rotating sealing ring form sealing surfaces for restricting a fluid flow from a high pressure side to a low pressure side.
A noncontacting end face seal (hereinafter referred to as end face seal) is used for sealing the space between a rotating shaft and a housing thereof. The end face seal is incorporated in, for example, gas turbines or compres sors which handle high pressure. In general, there are two types of noncontacting end face seals, one of which is a hydrostatic end face seal using the pressure of seal ing fluid, the other of which is a hydrodynamic end face seal having a shape causing hydrodynamic action such as spiral grooves.
Next, the conventional hydrostatic end face seal will be described below with reference to FIGS. 12 and 13.
The end face seal comprises two annular sealing rings facing one another, one of which is a rotating sealing ring 3, the other of which is a stationary sealing ring 4. A rotating shaft 1 accommodated in a housing 9 is pro vided with a sieeve 2. The sleeve 2 is connected to the rotating sealing ring 3 through a pin. The stationary sealing ring 4 is pressed against the rotating sealing ring 3 by an urging force of springs 10 interposed between a sealing ring retainer 5 and a spring retainer 6. In the end face seal, the radially outer region of the rotating seal ing ring 3 is located at a high pressure fluid side H and the radially inner region thereof is located at a low pressure fluid side L. The rotating sealing ring 3 is pro vided with an outwardly tapered surface 31 which makes the gap between the rotating sealing ring 3 and the stationary sealing ring 4 wider gradually. That is, the tapered surface 31 provides the necessary wedge shaped space between the rotating sealing ring 3 and the stationary sealing ring 4 at the radially outer regions thereof for introducing fluid between two sealing rings. The rotating sealing ring 3 is further provided with a flat surface 32 inside the tapered surface 31.
In the end face seal of this type, when fluid enters into the wedge-shaped space between the rotating sealing ring 3 and the stationary sealing ring 4, the sealing sur faces are moved out of contact by hydrostatic forces from fluid pressure. The distance e between the outer edge of the tapered surface 31 of the rotating sealing ring 3 and the sealing surface of the stationary sealing ring 4, the inner diameter 2rt of the tapered surface 31, the inside diameter 2r of the sealing surface and the outside diameter 2r2 of the sealing surface are properly arranged so that the gap between the sealing surfaces becomes as small as possible and the stiffness of the fluid film formed between the sealing surfaces is enhanced.
In the conventional end face seal as shown in FIGS.
12 and 13, in order to reduce leakage of fluid between the sealing surfaces, it is necessary to make the gap of the sealing surfaces small. However, there is a limit to how much the gap can be reduced. Therefore, in the end face seal of this type, it is difficult to reduce the leakage of fluid beyond a certain amount.
On sealing rings has spiral grooves and a tapered surface to provide the necessary wedge-shaped space at the radi ally outer regions thereof. The spiral grooves extend from a high pressure fluid side to a low pressure fluid side so as to pump fluid from the high pressure side to the low pressure side. Under normal operation, the fluid film is formed between the sealing surfaces by hydro static action and hydrodynamic action, thereby restrict ing fluid flow from the high pressure side to the low pressure side. However, in the above end face seal, the spiral grooves extend from the high pressure side to the low pressure side so as to pump fluid from the high pressure side towards the low pressure side. Therefore, under dynamic conditions, the spiral grooves serve to leak fluid from the high pressure side to the low pressure side. That is, the total leakage rate of fluid from the sealing surfaces is equal to the leakage rate caused by the pressure difference between the high pressure and the low pressure plus the leakage rate caused by the pumping action of the spiral grooves. Consequently, in the end face seal of this type, it is difficult to reduce leakage of fluid beyond a certain amount less as with the end face seal in FIGS. 12 and 13.
SUMMARY OF THE INVENTION
It is therefore an object of the present invention to provide a noncontacting face seal which can reduce leakage of fluid from a high pressure side to a low pres sure side.
According to the present invention, there is provided a noncontacting face seal having a stationary sealing ring and a rotating sealing ring with opposed radially extending sealing surfaces, the rotating sealing ring being brought out of contact with the stationary sealing ring when a hydrostatic force due to high pressure is applied, the improvement comprising: spiral grooves formed in one of the sealing surfaces and extending from a low pressure fluid side to a high pressure fluid side in a radial direction so as to pump fluid in the low pressure fluid side towards the high pressure fluid side; and a spaced portion comprising a tapered surface or a recess formed in one of the sealing surfaces, the spaced portion extending inwardly from one circumference of the sealing surface at the high pressure fluid side so as to introduce fluid from the high pressure fluid side to be tween the sealing surfaces.
With the above structure, high pressure fluid is intro duced into the spaced portion comprising the tapered surface or the recess, and the rotating sealing ring is moved out of contact with the stationary sealing ring due to hydrostatic force from the fluid pressure. Fur ther, when the rotating sealing ring is rotated, under dynamic conditions, the end face seal is exposed to hydrostatic forces from the fluid pressure and hydrody namic forces from the spiral grooves, whereby a fluid film is formed between the sealing surfaces and a gap is formed between the sealing surfaces. The leakage of fluid is restricted by keeping the gap between the seal ing surfaces small. That is, the spiral groove pattern pumps fluid (gas) from the low pressure fluid side to the high pressure fluid side to thereby resist to fluid flow due to a pressure difference between the high pressure side and the low pressure side, thus reducing the leak age flow of fluid between the sealing surfaces. 
DETAILED DESCRIPTION OF THE INVENTION
A noncontacting face seal of the present invention will be described below with reference to FIGS. 1 through 5. In FIG. 1 , a sleeve 2 is fixedly secured to a rotating 55 shaft 1 accommodated in a housing 9. A rotating sealing ring 3 is connected to the sleeve 2 through a pin 20. The rotating sealing ring 3 faces a stationary sealing ring 4 and contacts the stationary sealing ring 4 in a state of surface contact at the sealing surfaces comprising a 60 sealing surface 3S and a sealing surface 4S. Incidentally, the rotating sealing ring 3 is fixedly secured to the sleeve 2 by a sleeve 7 and a retaining nut 8.
A stationary sealing ring 4 is pressed against the rotat ing sealing ring 3 by an urging force of coiled springs 10 interposed between a sealing ring retainer 5 and a spring retainer 6. Reference numerals 42, 44, 46, 48, 49 The rotating ring 3 is provided with an outwardly tapered surface 31 which creates a gap between the rotating sealing ring 3 and the stationary sealing ring 4 which gradually widens. That is, the tapered surface 31 constitutes a spaced portion and provides the necessary wedge-shaped space between the rotating sealing ring 3 and the stationary sealing ring 4 at the radially outer regions thereof for introducing fluid between the two sealing rings 3, 4. The rotating sealing ring 3 is further provided with a flat surface 32 at the central portion of the sealing surface 3S and spiral grooves 33 at the radi ally inner region of the sealing surface 3S . FIG. 2 shows the sealing surface 3S of the rotating ring 3. In FIG. 2 , the tapered surface 31 at the radially outer region (de noted at RO) is located at the high pressure fluid side H, the spiral grooves 33 at the radially inner region (de noted at RI) is located at the low pressure fluid side L. The spiral grooves 33 are open to the low pressure fluid side L and extend from the low pressure fluid side L to the high pressure fluid side H as shown in FIG. 2 so as to pump fluid from the low pressure fluid side L towards the high pressure fluid side H. In FIGS. 1 and 3, reference character e represents the distance between the outer edge of the tapered surface 31 of the rotating sealing ring 3 and the sealing surface 4S of the station ary sealing ring 4 when the two sealing rings contact each other. The dimension e of the tapered surface 31, the inner diameter 2r of the tapered surface 31, the inside diameter 2r of the sealing surface, the outside diameter 2r2 of the sealing surface and the balance diam eter 2rb are properly arranged so that the gap between the sealing surfaces is as small as possible and the stiff ness of a fluid film formed between the sealing surfaces is enhanced.
Next, operation of the spiral groove face seal thus constructed will be described below with reference to FIG. 4. When fluid at the high pressure side H enters into the wedge-shaped space between the rotating sealing ring 3 and the stationary sealing ring 4, the sealing surface 3S of the rotating sealing ring 3 is moved out of contact with the sealing surface 4S of the stationary sealing ring 4 by hydrostatic forces from fluid pressure. Relative motion of the rotating sealing ring 3 and the stationary sealing ring 4 is caused by rotating the rotating shaft 1. noncontacting face seal I, the spiral grooves 33 extend to the inner diameter 2r of the tapered surface 31. The pressure P of the noncontacting face seal I is lower than those of the noncontacting face seals II and III between r1 and rx in the vicinity of r(r). Therefore, in the non contacting face seal I, the pressure difference between each point and the low pressure side L is small con pared with the noncontacting face seals II and III. Thus the leakage rate of the noncontacting face seal I from the high pressure side H to the low pressure side L is smaller than those of the noncontacting face seals II and III.
Next, other embodiments of the present invention will be described below with reference to FIGS. 6 through 11. Those parts and components in FIGS. 6 through 11 which are structurally and functionally identical to those shown in FIGS. 1 through 4 are de noted using the same reference numerals. FIGS. 6 through 11 show sealing surfaces 3S, 4S of the rotating sealing ring 3 and the stationary sealing ring 4 schemati (FIG. 7(a) ) or the recess 38 (FIG. 7(b) ). The pumping action of the spiral grooves 33 of this embodiment is greater than that of the first embodiment shown in FIGS. 1 through 4.
FIGS. 8(a) and (b) are cross-sectional views showing a noncontacting face seal according to a fourth embodi ment of the present invention. According to this em bodiment, the rotating sealing ring 3 is provided with a tapered surface 31 in FIG. 8(a) , or a recess 38 in FIG.  8(b) . The spiral grooves 33 extend beyond the flat sur face 32 to the outer edge of the tapered surface 31 (FIG.  8(a) ) or the outer edge of the recess 38 (FIG. 8(b) ). The pumping action of the spiral grooves 33 of this embodi ment is greater than that of the third embodiment.
In brief summary, the spiral groove area extends progressively further toward the high pressure fluid side H in FIG. 6, FIG. 7 and FIG. 8 , and the pumping action caused by the spiral grooves 33 is progressively greater in FIG. 6, FIG, 7 and FIG.8 . The spiral groove area should be determined taking into consideration the requirements for thickness of the fluid film between the sealing surfaces, the film stiffness and the leakage rate of the high pressure fluid.
FIGS. 9(a) and (b) are cross-sectional views showing a noncontacting face seal according to a fifth embodi ment of the present invention. According to this em bodiment, the rotating sealing ring 3 is provided with a FIG. 9(a) , or a recess 38 in FIG.  9(b) . The spiral grooves 33 extend from inner positions spaced away from the inner circumference of the seal ing surface 3S and are located in an area of a flat surface 32 adjacent to the tapered surface 31 (FIG. 9(a) ) or the recess 38 (FIG. 9(b) ). In this embodiment, a flat surface area A without the spiral grooves 33 is provided on the sealing surface 3S. Therefore, in the case where the fluid is under low pressure when the machine incorpo rating the end face seal is stopped, the sealing surfaces are not moved out of contact by only the hydrostatic force from the fluid, and thus fluid is prevented from leaking out between the contacting portion of the flat surface area A and the sealing surface 4S. (FIG. 10(a) ) or the recess 38 (FIG. 10(b) ). In this embodiment, a flat surface area A without the spiral grooves 33 is provided on the sealing surface 3s as in the fifth embodiment. Therefore, in the case where fluid is under low pressure when the machine is stopped, the sealing surfaces are not moved out of contact by only the hydrostatic force of the fluid and thus the fluid is prevented from leaking out by a contacting portion of the flat surface area A and the sealing surface 4S. Further, the pumping action of the spiral grooves 33 of this embodiment is greater than that of the fifth embodiment.
FIGS. 11(a) and (b) are cross-sectional views show ing a noncontacting face seal according to a seventh embodiment of the present invention. According to this embodiment, the rotating sealing ring 3 is provided with a tapered surface 31 in FIG.11(a) , or a recess 38 in FIG.  11(b) . The spiral grooves 33 extend from inner positions spaced away from the inner circumference of the seal ing surface 3S. The spiral grooves 33 extend beyond the flat surface 32 to the outer edge of the tapered surface 31 (FIG.11(a) ) or the outer edge of the recess 38 (FIG. 11(b) ). In this embodiment, a flat surface area A without the spiral grooves 33 is provided on the sealing surface 3S as in the fifth embodiment. Therefore, in the case where the fluid is under low pressure when the machine is stopped, the sealing surfaces are not moved out of contact by only the hydrostatic force the fluid and thus the fluid is prevented from leaking out by a contacting portion of the flat surface area A and the sealing surface 4S. Further, the pumping action of the spiral grooves 33 of this embodiment is greater than that of the sixth embodiment.
In the above embodiments, the radially outer region RO of the rotating sealing ring 3 is the high pressure fluid side H, and the radially inner region RI is the low pressure fluid side L. However, it should be noted that the radially outer region RO of the rotating sealing ring 3 may be the low pressure fluid side L, and the radially inner region may be the high pressure fluid side H.
Further, in the above embodiments, the spiral grooves 33 are provided on the sealing surface 3S of the rotating sealing ring 3. However the spiral grooves 33 may be provided on the stationary sealing ring 4.
As is apparent from the forgoing description, accord ing to the present invention, pumping action is gener 5,224,714 7 ated by the spiral grooves formed in one of the sealing surfaces so as to resist against leakage flow due to the pressure difference between the high pressure fluid side and the low pressure fluid side, thus reducing leakage rate of fluid from the sealing surfaces.
Further, since the spaced portion is provided be tween the two sealing rings by the tapered surface or the recess formed in one of the sealing surfaces, fluid in the high pressure side can enter into the spaced portion to thereby move the sealing surfaces out of contact. Although certain preferred embodiments have been wherein a biasing means is provided for biasing said stationary sealing ring toward said rotating sealing ring such that, without outside influences, said first annular contact area contacts said second annular contact area, and such that when a high fluid pres sure is exerted on said first annular sealing surface a gap is formed between said first and second annu lar contact areas; wherein one of said first and second annular sealing surfaces includes a spaced portion which is spaced apart from the other of said first and second annu lar sealing surfaces when said first annular contact area is in contact with said second annular contact area, said spaced portion defining a fluid introduc tion means for introducing high pressure fluid from the high pressure side of said seal into between said first and second annular sealing surfaces so as to cause the gap to be formed between said first and second annular contact areas; and wherein spiral grooves are formed in one of said first and second annular contact areas and extend radi ally away from the high pressure side of said seal from a position spaced from a periphery of said seal at the high pressure side of said seal, said spiral grooves defining a pumping means for pumping fluid from the low pressure side of said seal toward the high pressure side of said seal when said rotat ing sealing ring is rotated relative to said stationary sealing ring, in order to resist flowing of fluid from the high pressure side to the low pressure side. 2. A noncontacting face seal as recited in claim 1, wherein said spaced portion comprises a tapered surface which is inclined relative to one of said first and second annular contact areas, such that a space formed between said spaced portion and said other of said first and second annular sealing surfaces narrows from the high pressure side toward the low pressure side of said seal. wherein said annular sealing surface includes an an nular flat contact area and an annular spaced por tion spaced axially inwardly from said annular flat contact area, said annular spaced portion defining a fluid introduction means for introducing fluid from the high pressure side of said seal into between said annular sealing surface and an annular sealing sur face of a stationary sealing ring when a stationary sealing ring is mounted adjacent said rotating seal ing ring to press the sealing surfaces apart; and wherein spiral grooves are formed in said annular flat contact area and extend radially away from the high pressure side of said seal from a position spaced from the high presence side of said seal, said spiral grooves defining a pumping means for pump ing fluid from the low pressure side of said seal toward the high pressure side of said seal when said rotating sealing ring is rotated, in order to resist flowing of fluid from the high pressure side to the low pressure side. 
